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618a Wednesday, February 11, 2015bearing nitrilotriacetic acid substituents at the end of a poly(ethylene glycol)-
grafted surface that promotes specific capture of protein targets for single
particle reconstruction analysis. The utilization of these grids for specific
adsorption of the targeted protein onto the grid surface results in well-
controlled surface concentration enhancements and a days-to-minutes reduc-
tion in time required for the preparation of a purified sample for cryoEM anal-
ysis from an E. coli expression system. The selective and reversible capture
of his-tag T7 bacteriophage and GroEL from crude lysates, as well as purified
nanodisc-solubilized his-malFGK2, on these NTA-modified grids with an
exceptionally low level of adsorption by non-target proteins has been observed.
Our data illustrates the utility of these grids for selective capture from complex
mixtures, detergent-solubilized membrane protein isolates, and expression
systems yielding low copy numbers of the desired target in a manner that is
well-suited for single particle reconstruction analysis.
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Electron tomography in the scanning transmission electronmicroscope (STEM)
can be performed on sections of stained plastic-embedded tissues or cells of 1 to
2 micrometer thickness without effects of chromatic aberration because there
are no imaging lenses after the specimen. By using a small STEM probe conver-
gence angle of 1-2 mrad the geometrical broadening of the probe is restricted,
which enables a spatial resolution of a few nanometers. Furthermore, by using
an axial bright-field detector instead of the standard high-angle annular dark-
field detector, image blurring due to multiple elastic scattering can be reduced
in the lower part of the specimen. Here, we have applied STEM tomography to
elucidate the 3D ultrastructure of human blood platelets, which are small anu-
cleate blood cells that aggregate to seal leaks at sites of vascular injury and are
important in the pathology of atherosclerosis and other diseases. Of particular
interest are the morphological changes that occur in alpha-granules, which
contain important proteins released when platelets are activated. Axial bright-
field STEM electron tomographic tilt series were acquired at an accelerating
voltage of 300 kV from 1.5-micrometer thick sections of platelets that had
been prepared by rapid freezing and freeze-substitution; and the tomograms
were reconstructed from dual-axis tilt series. The tomographic reconstructions
revealed changes in ultrastructure that occurred on platelet activation including
release of alpha granules through channels connecting to the plasma membrane.
The research was supported by the intramural program of the National Institute
of Biomedical Imaging and Bioengineering, and the research in the Storrie lab-
oratory was supported in part by NIH grant R01 HL119393.
3117-Pos Board B547
Three-Dimensional Microstructural Visualization of Mitosis using
Focused Ion Beam-Scanning Electron Microscope (FIB-SEM) and 3Mv
Ultra-High Voltage Electron Microscope (UHVEM) Tomography with
Nanoscale Resolution at Whole Cell Level
Atsuko H. Iwane1,2, Keisuke Ohta2,3.
1Osaka University, Suita, Japan, 2QBiC, RIKEN, Suita, Japan, 3Kurume
University, Kurume, Japan.
To better understand fundamental cellular properties, such as differentiation
and division, we are developing whole single cell 3D-structure analysis tech-
nologies based on innovative electron microscopy. These new techniques are
designed to reveal the dynamics and structure of intracellular material such
as organelles and supramolecular proteins. Our main technologies include (1)
Cryo-Tomography using Scanning-TEM and (2) FIB (Focused Ion Beam)-
SEM and 3D-reconstruction. FIB-SEM is normally used to visualize metals
and ceramics. We have modified it for the 3D reconstruction of an entire cell
at a nanoscale resolution that lies between those of electron microscopy tomog-
raphy and X-ray tomography.
Last annual meeting, we described how FIB-SEM could visualize the basic 3D
architecture of Cyanidioschyzon merolae (C. marolae). C. marolae is a primi-
tive unicellular red algae whose cell division can be observed my manipulating
the light/dark cycle. By synchronizing cells to a 6-h light/18-h dark cycle, we
obtained > 75% S/M-phase cells at 89 hrs after synchronous culture start.
Using these cells and FIB-SEM, we observed unique architectures of whole
C. merolae cells during the mitotic cycle and successfully made 3D-models
of individual double-membrane organelles such as the nucleus, chloroplastand mitochondria, and of single-membrane organelles such as the ER, lyso-
some and peroxisome using ImageJ and Amira 3D software. Using UHVEM
tomography, we also observed the 3D-structure of phycobilisomes, which are
essential supramolecular complexes on the surface of the thylakoid membrane
in chloroplasts. Although many reports have provided structural models, we
offer the first 3D-structural model of the membrane surface from specimens
that were not purified using specific detergents.
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Myosins are ATPase motor proteins that are activated by and traffic along actin
filaments. This large protein family is divided into many classes with different
functional properties and specializations for various roles, including membrane
anchorage, longer range transport of cargo vesicles or cell signaling.
Myosin class VI is unique due to its reversed directionality along actin fila-
ments, moving towards the pointed end, in contrast to almost all other classes,
which move towards the barbed end of F-actin. Whilst the directionality is well
studied, other characteristics such as activation, cargo and lipid binding or
dimerization are not fully understood. Using size exclusion chromatography,
titration studies and gliding filament assays we investigated myosin VI back-
folding, cargo binding and mechanical activity.
Furthermore, we applied electron microscopy and single particle image pro-
cessing to determine the structural properties of myosin VI in different ionic
and nucleotide conditions. Two dimensional class averages based on various
alignment and classification methods were made that allow for a detailed struc-
tural analysis including a comparison with crystal structures.
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Plasmodium falciparum produces additional membrane systems, Maurer’s cleft
(MC) and tubulovesicular network (TVN), in the host erythrocytes. The para-
sites use these membrane compartments to transport proteins to the surface of
erythrocytes. Previous studies reported the structure of MCs by transmission
electron microscopy (TEM) using ultra-thin layer specimen and suggested
physical connections between MCs and erythrocyte membrane via an extension
of MCmembrane. However, fine structures of MC including filamentous exten-
sions smaller than the thickness of diamond knives were likely missing in
the TEM images. To obtain intact structural information of MCs, we used
unroofing/rip-off technique for both normal- and parasitized-erythrocytes and
successfully captured accurate oval/global shape of MCs with elongated-fine
filamentous extensions (diameters <10 nm). We also treated parasitized eryth-
rocyte with aluminum tetrafluoride, which are known to inhibit intracellular
vesicle transport, to clarify if the oval/global structures are MCs. In the pres-
ence of aluminum tetrafluoride, the vesicle was no longer observed in parasit-
ized erythrocytes. This result was in agreement with the previous study (Trelka
DP, et al., Mol Biochem Parasitol, 2000), demonstrating the oval/global struc-
tures are MCs which extends filaments to host erythrocyte membrane. Our EM
images demonstrated that MCs in P. falciparum-infected erythrocyte involve
fine filaments reaching erythrocyte membrane which may provide a direct
transport pathway for their proteins to the surface of erythrocytes.
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To study protein dynamics in real-time with atomic resolution is one of the
dream experiments in biophysics. Up to now experimental tools with full
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available. Femtosecond electron diffraction (FED) is a promising tabletop tech-
nique with complementary features to XFELmeasurements [Miller, R.J.D, Sci-
ence, 2014, 343, 1108-1116]. It combines the high spatial resolution of
diffraction methods with the high temporal resolution of femtosecond optical
spectroscopy. The current electron brightness and time-resolution enabled first
studies of structural dynamics with atomic resolution on a time-scale of few
hundred femtoseconds [Gao, M. et al., Nature, 2013, 496, 343-346] and even
gave insight into the structural dynamics during a chemical reaction [Jean-
Ruel, H. et al., J. Phys. Chem. A, 2011, 115, 13158-13168]. The main challenge
for first applications of FED on proteins is sufficient sample preparation and
development. Currently samples need to be single-crystalline, reversible and
match a size of about 100-150 nm thickness combined with a lateral size on
the order of 100 mm x 100 mm. The presented work will outline and discuss cur-
rent approaches for sample development on model systems Bacteriorhodopsin
and give an overview on the femtosecond electron diffraction method including
the limitations for samples. Latest results on a crystalline organic spin-
crossover system [Jiang, Y., Ultrafast Phenomena XIX, 2014, in press] as
well as on the model system Bacteriorhodopsin are reported to demonstrate
the intrinsic capabilities of FED.
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Cryo-electron microscopy (cryo-EM) has been widely used to characterize
bio-macromolecules, such as DNA molecules, proteoliposomes, and protein
complexes. The targets of interests were effectively remained the original struc-
ture and morphology in amorphous ice. However, in cryo-EM, target of inter-
ests in gas phase has not been studied yet. In this study, we utilized cryo-EM
to examine the nanobubbles in frozen aqueous solution with a ‘‘sandwich’’
TEM grids assembly. With significantly increased surface area and lower
buoyancy, nanobubble system greatly enhances the efficiency of oxygenation
and the time of retention in medical application. The substrate of ‘‘sandwich’’
assembly provides sufficient nucleation site for the formation of bubbles. Addi-
tionally, elimination of water-air interface increases the possibility to capture
bubbles in nano scale. This method demonstrates a promising way to evaluate
bubble system using cryo-EM and provides an insight on the study of nanobub-
ble in biomedical application.
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Time-resolved cryogenic electron microscopy (cryo-EM) is a technique for
visualizing transient structures in a biological specimen in a pre-equilibrium sys-
tem. Capturing reactions in the sub-second range has been a practical challenge,
due to the requirement of depositing the specimen rapidly on the grid without
blotting. To capture faster reactions in the sub-second range, Lu and coworkers
[1] developed a mixing-spraying method, which allows a reaction involving two
macromolecular components to proceed for tens to hundreds of milliseconds.
The first study of ribosome subunit association using time-resolved cryo-EM,
by Shaikh et al. [2], were performed at 9.4 ms and 43 ms. In present work,
we improved the mixing-spraying method, by designing an environmental
chamber and optimizing the EM data yield, and applied the method to the
study of ribosome subunit association. We captured the subunit association re-
action in a pre-equilibrium state, by mixing the subunits and reacting for 60 ms
and 140 ms. Our results showed that at 60 ms and 140 ms time points, 33% and
42% of the large subunits have associated into 70S ribosomes, respectively,
compared with 85% in a 15-min incubation control experiment. Three distinct
conformations of the 70S ribosome were found: non-rotated, non-rotated with
30S head swiveled and rotated. Our results demonstrate the capability of the
mixing-spraying method of time-resolve cryo-EM to visualize multiple states
of macromolecules in a reaction within a sub-second time frame. In the future,
the mixing-spraying method will be applied to study translation initiation, to
gain insights on the role of mRNA, initiator tRNA and initiation factors.
Supported by HHMI and NIH R01 GM29169 and GM55440 (to J.F.)[1] Lu, Z., et al. (2009). J. Struct. Biol. 168, 388-395.
[2] Shaikh, T.R., et al. (2014). Proc. Natl. Acad. Sci. USA 111, 9822-9827.
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It is well known that Cryo EM results in 3D construction in which subnuits of a
macromolecular complex may appear to be blurred and bloated. This issue af-
fects the accuracy of positional and orientational information about the subnits
extracted from such reconstructions. The blurring can be due to classification or
averaging steps in the analysis or due to mobility of the quaternary macromo-
lecular structure. Such effects cannot be captured by traditional models of EM.
In this paper we propose a mathematical framework and algorithm to model
this phenomenon. We use clustering methods such as the K-means algorithm
to roughly resolve the different rigid subunits in the 3D density obtained
from a macromolecular complex. Then we model the blurring effect in each
(resolved) submit as an ensemble of rigid body motions (i.e., orientations
and translations), specifically we use the Gaussian probability density (with un-
known covariance and mean) on the group of rigid body motions in 3D. We
relate the shape of each resolved (blurred) subunit to the unknown parameters
of the Gaussian using the known structure of the subnit (from PDB). This gives
a system of equations with unknowns being the parameters of the Gaussian.
The system, in general, is underdetermined, however, we impose physically
meaningful regularization constraints to obtain unique solutions. Thereby we
are able to obtain more accurate orientation and positional information. We
show the performance of the algorithm on simulated data. We also discuss pros-
pect of this method in combination (or fusion) with SAXS data in order to rein-
force information from both modalities.
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The determination of the structure of large macromolecular complexes is essen-
tial to reveal the function of the complexes in biological setting. For that pur-
pose, several experimental methods for the structural determination have been
developed and applied such as Electron Microscopy (EM) and Small-Angle X-
ray Scattering (SAXS). In this study, we focus on SAXS. In particular, we are
interested in determining the spatial relationship between rigid subunits in a
given macromolecular complex, which is especially important because confor-
mational dynamics of rigid components in the given complex is directly related
to its function. The present work is to develop a more efficient and effective
computational framework to reveal spatial relationship between complex sub-
units. One of important quantities in SAXS includes the so-called distance
distribution function (or pair distribution function), which is the distribution
of distance between every pair of points in the complex. Given rigid sub-
components of the complex, this important quantity can be determined more
efficiently when we apply the mathematical concept of the Fourier transform
for rigid-body motion group. To this end, we develop a mathematical model
to calculate the pair distribution function for a complex structure consisting
of several rigid sub-components. This new model is verified with several exam-
ples. In the end, our modeling efforts will combine the current methodology
with similar ones for other experimental methods (e.g. EM) to reveal more
refined biological macromolecular structures.
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Serial block face scanning electron microscopy (SBF-SEM) provides nanoscale
3D ultrastructure of tissue samples up to several hundred micrometers in size.
In SBF-SEM, an ultramicrotome built into the SEM specimen stage succes-
sively removes thin sections from a plastic-embedded, heavy metal-stained
specimen. After each cut, the freshly exposed block face is imaged at a low
incident electron energy using the backscattered electron signal, which is sen-
sitive to heavy atoms in the sample. Although the x-y resolution in the plane of
